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We study the P -wave bottom baryons using the method of QCD sum rule and heavy quark effective
theory. Our results suggest that Λb(5912)
0 and Λb(5920)
0 can be well described by the baryon
doublet [3¯F , 1, 1, ρ], and they belong to the SU(3) 3¯F multiplets of J
P = 1/2− and 3/2−. Their
SU(3) flavor partners, Ξb(1/2
−) and Ξb(3/2
−), have masses 6.06± 0.13 GeV and 6.07± 0.13 GeV,
respectively, with mass splitting 9± 4 MeV. The results obtained using baryon doublet [3¯F , 1, 0, λ]
are similar and also consistent with the experimental data. We also study the SU(3) 6F multiplets
by using the baryon multiplets [6F , 0, 1, λ], [6F , 1, 0, ρ] and [6F , 2, 1, λ], and our results suggest that
the P -wave bottom baryons Σb, Ξ
′
b and Ωb have (averaged) masses about 6.0 GeV, 6.2 GeV and 6.4
GeV, respectively.
PACS numbers: 14.20.Lq, 12.38.Lg, 12.39.Hg
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I. INTRODUCTION
Recent new observations of hadrons are in many cases
associated with the presence of heavy quarks. In this
regard, a systematic study of heavy baryons is impor-
tant. So far there are two Λb resonances, Λb(5912)
0 and
Λb(5920)
0, whose quantum numbers are JP = 1/2− and
3/2−, respectively [1]. They are both P -wave bottom
baryons, which were studied by Capstick and Isgur in
1986 using the relativistic quark model [2], and their pre-
dicted masses are in very good agreement with the LHCb
and CDF results [3, 4]. In the following 30 years, vari-
ous phenomenological models have been applied to study
these excited bottom baryons, including the constituent
quark model [5–7], the relativistic quark model [8], the
color hyperfine interaction [9, 10], the heavy quark ef-
fective theory [11], the chiral unitary model [12–17], the
heavy meson effective theory with 1/M corrections [18],
the heavy quark symmetry in multihadron systems [19],
the quark pair creation model [20], the Faddeev ap-
proach [21], the relativistic flux tube model [22], and the
∗Electronic address: hxchen@buaa.edu.cn
†Electronic address: wec053@mail.usask.ca
‡Electronic address: hosaka@rcnp.osaka-u.ac.jp
§Electronic address: xiangliu@lzu.edu.cn
¶Electronic address: zhusl@pku.edu.cn
Lattice QCD [23]; see a recent review article for more
details [24].
In this paper we shall study P -wave bottom baryons
using the method of QCD sum rule [25, 26] in the
framework of heavy quark effective theory (HQET) [27–
29], which has been successful applied to study heavy
mesons containing a single heavy quark [30–41], and
heavy baryons also containing a single heavy quark [42–
52]. There are also some studies using the method of
QCD sum rules but not in HQET [53–56]. During the
calculations, we shall take the O(1/mQ) corrections (mQ
is the heavy quark mass) into account, and extract the
chromomagnetic splitting.
Until now, Λb(5912)
0 and Λb(5920)
0 are the only two
P -wave bottom baryons well observed in the experi-
ments [1, 3, 4]. This is quite different from charmed
baryons [1, 57]: the four P -wave charmed baryons,
Λc(2595), Λc(2625), Ξc(2790) and Ξc(2815), are well
observed and complete two SU(3) 3¯ multiplets; there
are some other candidates, like Σc(2800), Ξc(2980) and
Ξc(3080), etc. However, future experiments, such as
LHCb and BelleII, are able to search for more bottom
baryons, as well as more charmed baryons. Hence, it is a
suitable time to carry out this study and write this pa-
per, after we have studied P -wave charmed baryons in
Ref. [58] which already contains much information. In
this paper, we shall use the same procedures and study
P -wave bottom baryons.
This paper is organized as follows. In Sec. II, we
2briefly introduce the interpolating fields for P -wave bot-
tom baryons, and briefly introduce how to use them to
perform QCD sum rule analyses at the leading order
and at the O(1/mQ) order. The procedures are identical
to what we have done in Ref. [58] for P -wave charmed
baryons. In this paper we just need to redo numeri-
cal analyses using the bottom quark mass instead of the
charm quark mass. These analyses are done in Sec. III,
where we use the bottom baryon doublet [Λb, 1, 1, ρ] as
an example. In Sec. IV we discuss the results and offer a
summary.
II. QCD SUM RULE ANALYSES
P -wave heavy baryons have been systematically clas-
sified in Ref. [59], P -wave charmed baryon interpolating
fields have been systematically constructed in Ref. [58],
and P -wave bottom baryon fields can be easily con-
structed by replacing the charm quark field by the
bottom quark field. The results are briefly shown in
Fig. 1, which is taken from Ref. [58] and slightly mod-
ified. For the notation the reader is advised to consult
the discussion in Ref. [58].
In this paper we also use the same notation,
J
α1···αj−1/2
j,P,F,jl,sl,ρ/λ
, to denote the P -wave bottom baryon field
belonging to the baryon multiplet [F, jl, sl, ρ/λ], where
j, P , and F are the total angular momentum, parity
and SU(3) flavor representation (3¯F or 6F ) of the bot-
tom baryons; jl and sl are the total angular momentum
and spin angular momentum of the light components; ρ
and λ denote ρ–type (lρ = 1 and lλ = 0) and λ–type
(lρ = 0 and lλ = 1), respectively, where lρ is the orbital
angular momentum between the two light quarks, and
lλ is the orbital angular momentum between the bottom
quark and the two-light-quark system. Their relations
are jl = lλ ⊗ lρ ⊗ sl and j = jl ⊗ sQ = |jl ± 1/2|, where
sQ = 1/2 is the spin of the bottom quark.
The explicit forms of J
α1···αj−1/2
j,P,F,jl,sl,ρ/λ
have been given
in Eqs. (8)–(21) of Ref. [58], but Jα1α2
j,−,3¯F ,2,1,ρ
and
Jα1α2j,−,6F ,2,1,λ therein contain both j = 3/2 and j = 5/2
components. In this paper we give the pure j = 5/2
fields
Jα1α2
5/2,−,3¯F ,2,1,ρ
(1)
= iǫabc
(
[Dµt q
aT ]Cγνt q
b − qaTCγνt [D
µ
t q
b]
)
× Γα1α2,µνhcv ,
Jα1α25/2,−,6F ,2,1,λ (2)
= iǫabc
(
[Dµt q
aT ]Cγνt q
b + qaTCγνt [D
µ
t q
b]
)
× Γα1α2,µνhcv ,
where Γα1α2,µν is the projection operator:
Γαβ,µν = gαµt g
βν
t + g
αν
t g
βµ
t −
2
15
gαβt g
µν
t (3)
−
1
3
gαµt γ
β
t γ
ν
t −
1
3
gανt γ
β
t γ
µ
t
−
1
3
gβµt γ
α
t γ
ν
t −
1
3
gβνt γ
α
t γ
µ
t
+
1
15
γαt γ
µ
t γ
β
t γ
ν
t +
1
15
γαt γ
ν
t γ
β
t γ
µ
t
+
1
15
γβt γ
µ
t γ
α
t γ
ν
t +
1
15
γβt γ
ν
t γ
α
t γ
µ
t .
The notations used in these equations are: a, b and c
are color indices, and ǫabc is the totally antisymmetric
tensor; the superscript T represents the transpose of the
Dirac indices only; C is the charge-conjugation operator;
q(x) is the light quark field at location x, and it can be
either u(x) or d(x) or s(x); hv(x) is the heavy quark
field, and we have used the Fierz transformation to move
it to the rightmost place; Dµ = ∂µ − igAµ is the gauge-
covariant derivative; v is the velocity of the heavy quark;
γµt = γ
µ − v/vµ, Dµt = D
µ − (D · v)vµ, and gα1α2t =
gα1α2 − vα1vα2 .
We can use these P -wave bottom baryon interpolating
fields to perform QCD sum rule analyses. The heavy
baryon belonging to the multiplet [F, jl, sl, ρ/λ] has the
mass:
mj,P,F,jl,sl,ρ/λ = mQ + ΛF,jl,sl,ρ/λ + δmj,P,F,jl,sl,ρ/λ ,(4)
where mQ is the heavy quark mass, ΛF,jl,sl,ρ/λ =
Λ|jl−1/2|,P,F,jl,sl,ρ/λ = Λjl+1/2,P,F,jl,sl,ρ/λ is the sum rule
result evaluated at the leading order, and δmj,P,F,jl,sl,ρ/λ
is the sum rule result evaluated at the O(1/mQ) order:
δmj,P,F,jl,sl,ρ/λ (5)
= −
1
4mQ
(KF,jl,sl,ρ/λ + dMCmagΣF,jl,sl,ρ/λ) .
Here, the coefficient dM ≡ dj,jl is defined to be
djl−1/2,jl = 2jl + 2 , (6)
djl+1/2,jl = −2jl .
It is directly related to the baryon mass splitting within
the same multiplet, caused by the chromomagnetic in-
teraction. The other coefficient is Cmag(mQ/µ) =
[αs(mQ)/αs(µ)]
3/β0 ≈ 0.8, where β0 = 11− 2nf/3.
The (analytical) formulae for ΛF,jl,sl,ρ/λ(ωc, T ),
KF,jl,sl,ρ/λ(ωc, T ) and ΣF,jl,sl,ρ/λ(ωc, T ) have been ob-
tained in Ref. [58]. In this paper we just need to use
these equations to redo numerical analyses but using the
bottom quark mass. There are two free parameters in
these equations: the Borel mass T and the threshold
value ωc. Following the procedures used in Ref. [58],
we can obtain a Borel window Tmin < T < Tmax for a
fixed threshold value ωc. We shall not repeat these pro-
cedures again. The other parameter, ωc, can be fixed by
requiring that its dependence of the mass prediction be
the weakest, which will be done in the next section.
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FIG. 1: The notations for P -wave bottom baryons. See Fig. 2 of Ref. [58] and discussions therein for details.
III. NUMERICAL ANALYSES
To perform numerical analyses, we use the following
values for various condensates and parameters [1, 36–
38, 40, 60–67]:
〈q¯q〉 = 〈u¯u〉 = 〈d¯d〉 = −(0.24± 0.01)3 GeV3 ,
〈s¯s〉 = 0.8× 〈q¯q〉 ,
〈g2sGG〉 = (0.48± 0.14) GeV
4 ,
ms = 0.15 GeV , (7)
〈gsq¯σGq〉 = M
2
0 × 〈q¯q〉 ,
〈gss¯σGs〉 = M
2
0 × 〈s¯s〉 ,
M20 = 0.8 GeV
2 .
Besides them, another important parameter is the bottom
quark mass, for which we use the 1S mass mb = 4.66 ±
0.03 GeV [1]. We shall see that this value gives reasonable
results.
A. Sum Rule Analyses for Λb
As an example, we use the bottom baryon doublet
[Λb(3¯F ), 1, 1, ρ] to perform QCD sum rule analyses. It
contains two bottom baryons, Λb(1/2
−) and Λb(3/2
−),
and the relevant interpolating field is
J1/2,−,Λb,1,1,ρ (8)
= iǫabc
(
[Dµt u
aT ]Cγνt d
b − uaTCγνt [D
µ
t d
b]
)
σµνt h
c
v .
We can use this current to perform QCD sum rule anal-
yses, and calculate ΛΛb,1,1,ρ(ωc, T ), KΛb,1,1,ρ(ωc, T ) and
ΣΛb,1,1,ρ(ωc, T ). This has been done and the results are
listed in Eq. (A6) of Ref. [58], which can be used to fur-
ther evaluate masses of Λb(1/2
−) and Λb(3/2
−) through
Eqs. (4) and (5), as shown below.
Firstly, we take ωc = 3.1 GeV and obtain a Borel win-
dow 0.538 GeV< T < 0.588 GeV producing the following
numerical results:
Λ¯Λb,1,1,ρ = 1.17 GeV ,
KΛb,1,1,ρ = −0.99 GeV
2 , (9)
ΣΛb,1,1,ρ = 0.042 GeV
2 ,
whose values correspond to T = 0.563 GeV and ωc = 3.1
GeV. Using Eqs. (4) and (5), we can further obtain
mΛb(1/2−) = 5.87 GeV ,
mΛb(3/2−) = 5.88 GeV , (10)
∆m[Λb,1,1,ρ] = 11 MeV ,
where (mΛb(1/2−),mΛb(3/2−)) are the masses of the
two bottom baryons belonging to the baryon doublet
[Λb(3¯F ), 1, 1, ρ], and ∆m[Λb,1,1,ρ] ≡ mΛb(3/2−)−mΛb(1/2−)
is their mass splitting. We show variations of mΛb(1/2−)
and ∆m[Λb,1,1,ρ] with respect to the Borel mass T in the
top panel of Figs. 2 and 3.
Secondly, we change the threshold value ωc and redo
these processes. Our criterion is to require that the ωc de-
pendence of the mass prediction be the weakest. We show
variations of mΛb(1/2−) and ∆m[Λb,1,1,ρ] with respect to
the threshold value ωc in the bottom panel of Figs. 2
and 3. We find that there are non-vanishing Borel win-
dows as long as ωc ≥ 2.85 GeV, and the ωc dependence
is weak and acceptable in the region 2.9 GeV< ωc < 3.3
GeV. We note that this dependence is the weakest around
ωc ∼ 2.9 GeV, but we prefer to choosing a suitable region
where we can know the related uncertainty. The results
for ωc ≤ 2.85 GeV are also shown, and for such cases, we
choose the Borel mass T when the PC (pole contribution,
defined in Eq. (34) of Ref. [58]) is around 20%.
Finally, we choose 2.9 GeV< ωc < 3.3 GeV and 0.538
GeV < T < 0.588 GeV as our working regions, and ob-
tain the following numerical results for the baryon dou-
blet [Λb(3¯F ), 1, 1, ρ]:
mΛb(1/2−) = 5.87± 0.12 GeV ,
mΛb(3/2−) = 5.88± 0.11 GeV , (11)
∆m[Λb,1,1,ρ] = 11± 4 MeV ,
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FIG. 2: Variations of mΛb(1/2−) with respect to the Borel
mass T (top) and the threshold value ωc (bottom), calculated
using the bottom baryon doublet [Λb(3¯F ), 1, 1, ρ]. In the top
panel we take ωc = 3.1 GeV and the Borel window is 0.538
GeV < T < 0.588 GeV. In the bottom panel, the upper and
lower bands are obtained by using Tmin and Tmax, respectively.
There are non-vanishing Borel windows as long as ωc ≥ 2.85
GeV, but they quickly vanish around this point. The results
for ωc ≤ 2.85 GeV are also shown. For such cases we choose
the Borel mass T when the PC (pole contribution, defined
in Eq. (34) of Ref. [58]) is around 20%, and so this curve
connects to the lower band obtained by using Tmax.
whose central values correspond to T = 0.563 GeV and
ωc = 3.1 GeV, and the uncertainties are due to the Borel
mass T , the threshold value ωc, the bottom quark mass
mb and the quark and gluon condensates. Our result for
the mass splitting within the same doublet, ∆m[Λb,1,1,ρ],
does not depend much on the charm quark mass and
the threshold value, so they are produced quite well,
with much less theoretical uncertainties, compared to
their masses, mΛb(1/2−) and mΛb(3/2−). These results
are consistent with experimental masses of Λb(5912)
0
(1/2−) and Λb(5920)
0 (JP = 3/2−) as well as their dif-
ference [3, 4]:
mexpΛb(5912)0,1/2− = 5912.11± 0.13± 0.23 MeV ,(12)
mexpΛb(5920)0,3/2− = 5919.91± 0.09± 0.23 MeV .
This suggests that the use of the 1S massmb = 4.66±0.03
GeV [1] is reasonable. While, if we use the MS mass
mb = 4.18± 0.03 GeV [1], we would obtain significantly
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FIG. 3: Variations of ∆m[Λb,1,1,ρ] with respect to the Borel
mass T (top) and the threshold value ωc (bottom), calculated
using the bottom baryon doublet [Λb(3¯F ), 1, 1, ρ]. In the top
panel we take ωc = 3.1 GeV and the Borel window is 0.538
GeV < T < 0.588 GeV.
lower masses.
We also use the bottom baryon doublet [Λb(3¯F ), 1, 0, λ]
to perform QCD sum rule analyses. We show the varia-
tion of mΛb(1/2−) with respect to the Borel mass T and
the threshold value ωc in Fig. 4. We find that there
are non-vanishing Borel windows as long as ωc ≥ 3.37
GeV, but in this region the ωc dependence is not so
weak. We still choose 3.4 GeV < ωc < 3.8 GeV and
0.597 GeV < T < 0.684 GeV as our working regions, but
note that the previous results obtained using the doublet
[Λb(3¯F ), 1, 1, ρ] seem to be more stable (reliable), because
the ρ–mode signal is clearer than the λ–one. In fact the
lower panel of Fig. 4, which is monotonically increasing,
shows that the λ–mode is not well observed. This does
not, however, say that the λ–mode mass is larger than
the ρ–mode mass in a reliable manner, though the cur-
rent choice of the Borel window suggests it. We obtain
the following numerical results
mΛb(1/2−) = 6.01± 0.11 GeV ,
mΛb(3/2−) = 6.01± 0.11 GeV , (13)
∆m[Λb,1,0,λ] = 5± 2 MeV ,
whose central values correspond to T = 0.641 GeV and
ωc = 3.6 GeV. We note again that the mass splitting
within the same doublet is reproduced quite well with
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FIG. 4: Variations of mΛb(1/2−) with respect to the Borel
mass T (top) and the threshold value ωc (bottom), calculated
using the bottom baryon doublet [Λb(3¯F ), 1, 0, λ]. In the top
panel we take ωc = 3.6 GeV and the Borel window is 0.597
GeV < T < 0.684 GeV and 3.4 GeV.
much less (theoretical) uncertainty than the absolute val-
ues. These results are also consistent with masses of
Λb(5912)
0 (1/2−) and Λb(5920)
0 (JP = 3/2−) as well
as their difference [3, 4].
B. Sum Rule Analysis for Σb, Ξ
(′)
b and Ωb
There are two baryons, Λb(5912)
0 and Λb(5920)
0,
which are the only P-wave bottom baryons well observed
in experiments [1, 3, 4], and there are no other well es-
tablished candidates. To evaluate masses of other baryon
multiplets, we follow the previous procedures used for
[Λb(3¯F ), 1, 1, ρ] as well as for charmed baryons [58]:
1. We use the bottom baryon singlet [Σb(6F ), 0, 1, λ]
to perform QCD sum rule analyses. We show the
variation of mΣb(1/2−) with respect to the Borel
mass T and the threshold value ωc in Fig. 5. We
find that there are non-vanishing Borel windows
as long as ωc ≥ 3.06 GeV, and the ωc depen-
dence is weak and acceptable in the region 3.1
GeV< ωc < 3.5 GeV. Accordingly, we choose 3.1
GeV < ωc < 3.5 GeV and 0.527 GeV < T < 0.628
GeV as our working regions, and obtain the follow-
ing numerical result
mΣb(1/2−) = 6.02± 0.12 GeV , (14)
where the central value corresponds to T = 0.578
GeV and ωc = 3.3 GeV.
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FIG. 5: Variations of mΣb(1/2−) with respect to the Borel
mass T (top) and the threshold value ωc (bottom), calculated
using the bottom baryon singlet [Σb(6F ), 0, 1, λ]. In the top
panel we take ωc = 3.3 GeV and the Borel window is 0.527
GeV < T < 0.628 GeV.
2. We use the bottom baryon doublet [Σb(6F ), 1, 0, ρ]
to perform QCD sum rule analyses. We show the
variations of mΣb(1/2−) with respect to the Borel
mass T and the threshold value ωc in Fig. 6. We
find that there are non-vanishing Borel windows
as long as ωc ≥ 3.01 GeV, and the ωc depen-
dence is weak and acceptable in the region 3.1
GeV< ωc < 3.5 GeV. Hence, we choose 3.1 GeV
< ωc < 3.5 GeV and 0.534 GeV < T < 0.624 GeV
as our working regions, and obtain the following
numerical results
mΣb(1/2−) = 5.91± 0.14 GeV ,
mΣb(3/2−) = 5.92± 0.14 GeV , (15)
∆m[Σb,1,0,ρ] = 4± 2 MeV ,
whose central values correspond to T = 0.579 GeV
and ωc = 3.3 GeV. We note again that the mass
splitting within the same doublet is reproduced
quite well with much less (theoretical) uncertainty.
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FIG. 6: Variations of mΣb(1/2−) with respect to the Borel
mass T (top) and the threshold value ωc (bottom), calculated
using the bottom baryon doublet [Σb(6F ), 1, 0, ρ]. In the top
panel we take ωc = 3.3 GeV and the Borel window is 0.534
GeV < T < 0.624 GeV.
3. We use the bottom baryon doublet [Σb(6F ), 2, 1, λ]
to perform QCD sum rule analyses. We show the
variation of mΣb(1/2−) with respect to the Borel
mass T and the threshold value ωc in Fig. 7. We
find that there are non-vanishing Borel windows
as long as ωc ≥ 2.97 GeV, and the ωc depen-
dence is weak and acceptable in the region 3.1
GeV< ωc < 3.5 GeV. Accordingly, we choose 3.1
GeV < ωc < 3.5 GeV and 0.537 GeV < T < 0.620
GeV as our working regions, and obtain the follow-
ing numerical results
mΣb(3/2−) = 5.96± 0.18 GeV ,
mΣb(5/2−) = 5.98± 0.18 GeV , (16)
∆m[Σb,2,1,λ] = 15± 7 MeV ,
whose central values correspond to T = 0.579 GeV
and ωc = 3.3 GeV. We note again that the mass
splitting within the same doublet is reproduced
quite well with much less (theoretical) uncertainty.
4. For flavor partners of Λb and Σb, we use ωc(Ξb) −
ωc(Λb) = ωc(Ωb) − ωc(Ξ
′
b) = ωc(Ξ
′
b) − ωc(Σb) =
0.5 GeV, following the relations obtained/used for
charmed baryons in Ref. [58].
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FIG. 7: Variations of mΣb(3/2−) with respect to the Borel
mass T (top) and the threshold value ωc (bottom), calculated
using the bottom baryon doublet [Σb(6F ), 2, 1, λ]. In the top
panel we take ωc = 3.3 GeV and the Borel window is 0.537
GeV < T < 0.620 GeV.
5. Other bottom baryon multiplets [3¯F , 0, 1, ρ],
[3¯F , 2, 1, ρ], and [6F , 1, 1, λ] do not give useful QCD
sum rule results, which we shall not discuss to avoid
confusions.
We summarize these results obtained using the
baryon multiplets [3¯F , 1, 1, ρ], [3¯F , 1, 0, λ], [6F , 0, 1, λ],
[6F , 1, 0, ρ] and [6F , 2, 1, λ] in Table I.
IV. DISCUSSION AND CONCLUSION
In this paper we followed Ref. [58] and studied the P -
wave bottom baryons using the method of QCD sum rule
in the framework of HQET. We note that we just need
to redo numerical analyses using the bottom quark mass.
The results are summarized in Table I for baryon multi-
plets [3¯F , 1, 1, ρ], [3¯F , 1, 0, λ], [6F , 0, 1, λ], [6F , 1, 0, ρ] and
[6F , 2, 1, λ].
Our results suggest that the two observed states
Λb(5912)
0 (JP = 1/2−) and Λb(5920)
0 (JP =
3/2−) [3, 4] can be well described by the baryon doublet
[3¯F , 1, 1, ρ]. They are the bottom partners of Λc(2595)
and Λc(2625) [1], and also belong to the SU(3) 3¯F mul-
tiplets of JP = 1/2− and 3/2−. Our results suggest
7TABLE I: QCD sum rule results obtained using the baryon multiplets [3¯F , 1, 1, ρ], [3¯F , 1, 0, λ], [6F , 0, 1, λ], [6F , 1, 0, ρ] and
[6F , 2, 1, λ].
Multiplets B
ωc Working region Λ K Σ Baryons Mass Difference
(GeV) (GeV) (GeV) (GeV2) (GeV2) (jP ) (GeV) (MeV)
[3¯F , 1, 1, ρ]
Λb 3.1 0.538 < T < 0.588 1.17 −0.99 0.042
Λb(1/2
−) 5.87± 0.12
11± 4
Λb(3/2
−) 5.88± 0.11
Ξb 3.6 0.536 < T < 0.636 1.35 −0.98 0.035
Ξb(1/2
−) 6.06± 0.13
9± 4
Ξb(3/2
−) 6.07± 0.13
[3¯F , 1, 0, λ]
Λb 3.6 0.597 < T < 0.684 1.21 −2.60 0.019
Λb(1/2
−) 6.01± 0.11
5± 2
Λb(3/2
−) 6.01± 0.11
Ξb 4.1 0.565 < T < 0.759 1.44 −3.21 0.014
Ξb(1/2
−) 6.27± 0.13
4± 2
Ξb(3/2
−) 6.28± 0.13
[6F , 0, 1, λ]
Σb 3.3 0.527 < T < 0.628 1.22 −2.53 0 Σb(1/2
−) 6.02± 0.12 −
Ξ′b 3.8 0.531 < T < 0.676 1.43 −2.77 0 Ξ
′
b(1/2
−) 6.24± 0.11 −
Ωb 4.3 0.547 < T < 0.740 1.67 −3.22 0 Ωb(1/2
−) 6.50± 0.11 −
[6F , 1, 0, ρ]
Σb 3.3 0.534 < T < 0.624 1.19 −1.16 0.014
Σb(1/2
−) 5.91± 0.14
4± 2
Λb(3/2
−) 5.92± 0.14
Ξ′b 3.8 0.521 < T < 0.681 1.38 −1.27 0.011
Ξ′b(1/2
−) 6.11± 0.13
3± 1
Ξ′b(3/2
−) 6.11± 0.13
Ωb 4.3 0.510 < T < 0.751 1.60 −1.56 0.009
Ωb(1/2
−) 6.34± 0.13
2± 1
Ωb(3/2
−) 6.34± 0.13
[6F , 2, 1, λ]
Σb 3.3 0.537 < T < 0.620 1.17 −2.58 0.035
Σb(3/2
−) 5.96± 0.18
15± 7
Σb(5/2
−) 5.98± 0.18
Ξ′b 3.8 0.525 < T < 0.684 1.36 −2.90 0.028
Ξ′b(3/2
−) 6.17± 0.17
12± 6
Ξ′b(5/2
−) 6.18± 0.16
Ωb 4.3 0.518 < T < 0.759 1.59 −3.45 0.022
Ωb(3/2
−) 6.43± 0.13
9± 4
Ωb(5/2
−) 6.43± 0.13
that their SU(3) flavor partners, Ξb(1/2
−) and Ξb(3/2
−),
have masses 6.06 ± 0.13 GeV and 6.07 ± 0.13 GeV, re-
spectively, with a mass splitting 9± 4 MeV.
The QCD sum rule results obtained by using baryon
doublet [3¯F , 1, 0, λ] are similar and also consistent with
the experimental data [3, 4]. Here we obtain that the
ρ mode excitation, [3¯F , 1, 1, ρ], is lower than the λ one,
[3¯F , 1, 0, λ]. This is consistent with our previous analysis
of the charm sector [58], in contrast with the quark model
expectation [7, 69]. Thus, further studies are needed to
clarify their nature. Particularly, it would be useful to
study decays and productions of these heavy baryon ex-
citations.
We also studied the SU(3) 6F multiplets by us-
ing the baryon multiplets [6F , 0, 1, λ], [6F , 1, 0, ρ] and
[6F , 2, 1, λ]. Our results suggest that the P -wave bottom
baryons Σb, Ξ
′
b and Ωb have (averaged) masses about 6.0
GeV, 6.2 GeV and 6.4 GeV, respectively.
While checking the status of observed bottom baryons
listed in PDG, we notice that progress have been made
in the experimental observations. Especially, in the
past years, experiments like LHCb and CDF announced
the observations of higher radial excitations of bottom
baryon [3, 4]. We believe that higher radial and orbital
excitations will be released in future experiments. With
the running of LHCb at 13 TeV, experimental exploration
to higher radial and orbital excitations of bottom baryons
will be a penitential and intriguing research topic. The
present theoretical results of the mass of P -wave bottom
baryons can provide valuable information. In near future,
the joint efforts from experimentalist and theorist will be
helpful to identify more and more bottom baryons.
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